Humanity suffers an ever-present threat of crises. In the event of a crisis, the population in affected areas will be in danger and will need to be evacuated to a safer in order to protect their lives. One of the difficulties in emergency management is quickly and accurately selecting suitably safe areas of refuge. This paper aims to explain an evacuation shelter selection process that uses rough set theory and a geographical information system (GIS). The proposed approach uses rough set theory concepts to classify shelters and selects suitable shelters on the basis of three factors: distance, capacity, and the availability of life requirements. The preparation of data and reporting of results are performed via the GIS environment. The proposed approach was implemented using Masoura, Egypt, as a case study and the results of this implementation are presented.
Introduction
Urban areas are frequently subject to various crises. Whether natural or man-made, a crisis is an event that happens suddenly, surprises and threatens people, and affects the environment. In a crisis, such as an earthquake, fire, or explosion, decisions need to be made quickly and accurately to minimize loss of life and economic repercussions. To make such decisions, the situation must be managed through a crisis management plan. This allows for the mitigation of the effects of a crisis before, during, and after the event. A primary component of any crisis management plan is the evacuation plan.
Evacuation is an operation whereby all or part of a particular population is temporarily relocated to a safe location in an organized manner from a region that has been, or is about to be, struck by a disaster [1] . Many factors may affect an evacuation process, such as evacuee behavior, traffic control, safe area selection, and evacuation routes. This paper focuses on the process of selecting safe evacuation areas and the factors that affect selecting a safe location. A suitable area should be a safe, open, and large area where basic life requirements are available.
In recent years, many studies have attempted to solve and enhance the evacuation shelter selection process from a variety of perspectives. M. Saadatseresht et al. [2] proposed a multi-objective evolutionary algorithm, coupled with a geographical information system (GIS) to provide better visualization, to determine the distribution of evacuees into safe areas by selecting candidate safe areas, and to determine viable paths between city blocks and the candidate safe areas. This method selected an optimal safe area based on the shortest distance and the capacity of the safe area. J. Coutinho-Rodrigues et al. [3] identify six objective functions to find evacuation paths and location of shelters by a method that minimizes total travel distance, risk, time, and number of shelters. ChungHung Tasi et al. [4] studied the uncertainty of geographical data and proposed an integrated TS decision-making system that combined TS fuzzy models with GIS space analysis to investigate effective distribution of people to urban shelters during an emergency.
In this paper, a rough set approach coupled with a GIS is proposed for selecting the most suitable shelters during the evacuation process. Shelter selection schema is based on three criteria: distance between the incident point and a shelter, the capacity of the shelter, and the availability of basic life requirements in proximity to the shelter location. The shelter selection process is carried out by a set of rough set rules and the input data are prepared and the results are reported using the GIS environment.
The remainder of this paper is organized as follows. Section 2 provides a review of rough set theory literature. Section 3 presents an overall review of GISs. In Section 4, the shelter selection process framework is introduced and Section 5 details the implementation of the proposed methodology as demonstrated through a case study. Fi-nally, in Section 6, a summary is provided and future work is briefly discussed.
Rough Set Theory
Rough set theory, introduced by Z. Pawlak [5] , presents a mathematical approach for dealing with imperfect knowledge; its methodology is concerned with the classification and analysis of imprecise, uncertain, or incomplete information and knowledge, and is considered one of the first non-statistical approaches to data analysis. Imperfect knowledge has become a serious issue for computer scientists, and there are many approaches to understanding and manipulating imperfect knowledge. The most successful approach is based on the fuzzy set notion. The main advantage of rough set theory is that it does not need any preliminary or additional information about data, such as probability in statistics or grade of membership in the fuzzy set theory.
Indiscernibilty Relations
The starting point of rough set theory is the indiscernibility relation, which is generated by information about objects of interest. An indiscernibility relation is a relation between two or more objects, where all the values are identical in relation to a subset of considered attributes [6] . The indiscernibility relation is intended to express the fact that, due to a lack of knowledge, we are unable to discern some objects with the available information. For example, Table 1 shows that shelters (S1, S2, S4) are indiscernible with respect to the attribute Capacity as they have the same value for that attribute. Shelters (S5, S6) are indiscernible with respect to the attributes Capacity and Requirements.
Information Table versus Decision Table
An information table is required to represent data that will be utilized by rough set theory; an information table consists of rows representing objects and columns representing attributes relating to the objects. Table 1 shows an example of a decision table.
As shown in Table 1 , rows represent shelters (objects), the columns Distance, Capacity, and Requirements represent condition attributes, and the column Suitable represents the decision attribute. Each row of a decision table determines a decision rule specifying the decision (action) that must be made when the conditions indicated by condition attributes are satisfied [6] . For example, in Table 1 , the conditions (Distance, Short), (Capacity, YES), and (Requirements, Low) determine the decision (Suitable, Yes).
Simplification of Decision Table
Simplification of a decision table involves reducing the number of condition attributes by removing unnecessary conditions while allowing the same decision to be reached.
Geographical Information Systems
The data involved in the evacuation shelter selection process has obvious geographical features, and the best way to deal with such features is with a GIS. A GIS captures, stores, checks, integrates, analyzes, displays, and allows manipulation of data that are spatially referenced to the earth [7] . These data can be further analyzed using models to build computer systems for geographic research and decision-making services [8] . Additionally, a GIS is attractive because it is both intuitive and cognitive. It combines a powerful visualization environment with a strong analytic and modeling framework that is rooted in the science of geography [9] .
In this paper, a GIS is used as a platform to prepare and display the data required for the shelter selection process. The primary tasks performed by the GIS are: creating two layers to store city road and shelter attributes, displaying the incident location, creating the evacuation zone area (a buffer around the incident point defining the danger zone), determining road routes from the incident location to all shelters, computing the distance of each route, and displaying the most suitable shelter location on a map.
Shelter Selection Process Framework
Evacuation is a process by which threatened people are transferred from a dangerous place to a safe shelter location to protect their lives. Selecting suitable shelter is a complicated process that associates several factors, which may depend on the type of crisis. This paper proposes a method for selecting evacuation shelters independent of crisis type. Such an approach could, generally, be applied to any crisis evacuation plan.
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The Guidelines for Hurricane Evacuation Shelter Selection (ARC 4496) [10] , provided by the American Red Cross and the Home Community World institute, provides primary guidelines for hurricane evacuation shelter selection. In our case study we did not consider the crisis type; therefore, we followed only the ARC 4496 guidelines that relate generally to selecting an evacuation shelter, such as location and capacity. We did not consider conditions specific to hurricanes, such as wind speed, rainfall, flooding, and hurricane force, etc.
The guidelines for selecting evacuation shelters applied in this paper are: The idea behind the approach is to classify all shelters in the city under study. Each shelter is classified according to a set of rough set rules, and each class has a degree of suitability. Then, under certain conditions, the most suitable shelter is chosen from one of the classes. A flowchart of the proposed framework is presented in Figure 1 . The following subsections provide a detailed description of the methodology. 
Preparing Required Data
The first step of our methodology is the preparation of the required data. This preparation includes creating a database to store road information and safe locations that can be used as shelters, determining the incident point where the crisis occurs, defining the evacuation area, and calculating the distance from the incident location to each shelter. All these preparations are carried out by the GIS.
Generate Shelters Table
The shelters table should contain information about areas in the city that can be used as shelters. This information will be used to define the classification process. The table consists of three basic attributes: Distance, Enough_Ca-pacity, and Requirements. The Distance attribute contains the value that represents the distance from the incident location to each shelter.
The capacity of each evacuation shelter is computed according to ARC 4496 guidelines, which state that shelter space requirements should be determined using 40 square feet per person (shelter resident). A Check_Ca-pacity method has been developed to check the capacity of a shelter against the number of displaced people within the incident location and assigns the result to the capacity attribute in the table. The Enough_Capacity attribute contains a value of "YES" or "NO"; the value is "YES" if the shelter's Capacity will accommodate the number of displaced people and "NO" if the shelter's Capacity will not.
The Requirements attribute contains a value that represents whether or not this shelter has basic life requirements, such as electricity, food, water, medicine, etc. If these requirements are available and are in good condition, then the attribute value is "High". If these requirements are available but are in poor condition or are difficult to use, the attribute value is "Low". If these requirements are not available, then the attribute value is "Not Available".
Discretization Process
Because distance values are continuous values, we need a method to convert these values to discrete values so they may become useful in the classification process. Discretization techniques can be used to reduce the number of values for a given continuous attribute by dividing the range of the attribute into intervals. Interval labels can then be used to replace actual data values [11] . There are a number of discretization methods available, such as Boolean reasoning, equal-frequency binning, entropybased, naïve-Bayes, etc.
According to Z. Marzuki and F. Ahmad (2007) [12] , these methods were developed for specific problems or domains; therefore, using these methods in other domains may be inappropriate or cause serious problems that affect the accuracy of the results. Regardless of how each method works, the basic idea is to define a cut point to split the continuous values and to define a stopping criterion for the discretization process.
Unfortunately, these discretization techniques are not appropriate in our case because, according to ARC 4496 guidelines, no evacuation shelter should be located in the evacuation zone. Therefore, we need to consider the difference in distance between each shelter and the evacuation zone and consider a cut point to compare the difference. In order to overcome this problem, we developed a simple discretization method called DiscreteDistances. The algorithm starts by checking if there is a distance value in the distance list that is less than or equal to the evacuation zone value. If present, the shelter is located inside the evacuation zone and is in a dangerous area. In this case the discretization algorithm assigns the interval label "Risk" to the distance.
If this is not the case, the algorithm computes the difference between each distance in the distance list and the evacuation zone value and compares this difference value to the predetermined cut points in order to assign the distance to one of the defined intervals ("Shortest", "Short", "Long", "Longest").
Generate the Decision Table
Parallel with the data preparation, a decision table is generated using all possible scenarios for a shelter's status. This forms the basis of the classification process. The table consists of two types of attributes; the condition attributes, Discrete_Distance, Capacity, and Requirements_Status, and a decision attribute that represents a shelter's degree of suitability. An expert opinion is required to determine the right decision for each scenario.
Simplification
Each row in the decision table represents a decision that should be made under the corresponding conditions. In some cases, the same decision can be reached by fewer conditions. The simplification of the decision table is a very important step whereby the table is reduced in a manner that allows the same decision to be reached using fewer conditions. This type of simplification eliminates the need to check unnecessary conditions. The table simplification method [13] used herein consists of the following steps: 1) Computation of reducts of condition attributes. This is equivalent to the elimination of columns from the de-cision table.
2) Elimination of duplicate rows.
3) Elimination of superfluous attribute values.
Define Decision Rules and Perform Classification
In this step, a set of decision rules are defined based on the simplified decision table. Each row in the simplified decision table represents a decision rule. The advantage of defining rules in advance is that these rules are reusable; the rules can be applied to multiple evacuation shelter selection problems under equal conditions. Subsequently, the defined rules function as the basis for the Classify method. The Classify method interprets the set of rules as implications called "if … then" rules and generates six classes (Risk, Best, Very Good, Good, Acceptable, Bad). It then assigns each shelter in the Shelters table to one of the classes according to the defined rules.
The Risk class contains a set of shelters that are not suitable for the evacuation process. All other classes contain shelters suitable for the evacuation process; however, their degrees of suitablity differ. In other words, shelters in the Best class are the most suitable shelter and the degree of suitability decreases from Best to Bad.
Choosing the Most Suitable Shelter
The last step of the approach is selecting the most suitable shelter from the classes, Best, Very Good, Good, Acceptable, and Bad. The Suitable_Shelter method was developed to achieve this. First, the Best class is checked for data (shelters). If data exists in the Best class, the Suitable_Shelter method chooses the entry with the minimum distance. If no data is present in the Best class, the next class (Very Good) is checked, and so on, until it reaches the Bad class. If the selected shelter does not have enough capacity, then a shelter with the next minimum distance is selected.
Implementation and Analysis Results
To test our approach, we applied our methodology to a case study using Mansoura, Egypt. Mansoura is the capital city of Al-Daqhlia province and lies on the east bank of the Damietta branch of the Nile, in the Delta region. It is located approximately 120 km northeast of Cairo, the capital of Egypt. Mansoura covers 327.62 square kilometers and has a population of 992,605, according to 2011 provincial statistics. Figure 2 shows a satellite image of Mansoura.
According to the Mansoura Crises Management Unit's shelter selection plan, Mansoura has only four shelters to house displaced people in the event of a crisis, and a shelter is selected depending on its proximity to the incident. This means that the decision depends solely on the distance factor. These four shelters are: Mansoura Sports Club, Omaal Club (workers' club), Al Saha Al Shaabia (the popular arena), and Al Magzr Al Aalie (the automated slaughterhouse).
Our methodology was applied to Mansoura to increase the number of shelters and to determine the most suitable evacuation shelter(s). Due to a lack of actual data regarding a real crisis, we simulated a crisis and applied our approach to this virtual scenario.
We used ArcInfo 9.3 as the GIS software to manage the geographical aspects of the case study.
Preparing Map Data
The first step in preparing the data is to create and build the GIS database, known as a Geo-database. Two feature classes were created, Roads and Safety Places. Figures  3(a) and (b) show snapshots of a portion of the attribute feature classes.
The Roads feature class stores data on all roads in the city. It has a Minutes attribute, which stores travel time for each road assuming a vehicle speed of 60 km/h.
The Safety Places feature class stores the shelter location and other shelter-specific data. Because of the small number of open green areas in Mansoura, we included schools as shelters. Thus, we had 32 shelters; 5 parks and 27 schools. The Area attribute stores the shelter's area in square meters, and the Capacity attribute computes and stores the capacity of each shelter. The capacity is calculate by dividing the Area by 3.716 square meters (40 square feet), according to ARC 4496 requirements for evacuation shelter selection. 
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To simulate an evacuation shelter selection process, we first need to position the incident. For network analysis, we use the ArcInfo 9.3 Network Analyst extension. As shown in Figure 5 , the incident point is displayed as a small blue square and is located in Mashaal Square in east Mansoura. According to the Al Dakahlia Emergency Management Unit's expert, computing an evacuation zone area depends on the type of incident and other related factors. For our simulated case study, the evacuation zone area was set to 500 meters. The next step is determining routes and their distances from the incident point to each shelter in the city using the network analyst tool. This information is then trans- ferred to the discretization algorithm. The routes from the incident point to all shelters are illustrated in Figure 6 .
Generating Shelters Table
As mentioned in Section 4.2, the Shelters table should contain information about safe areas in the city that can be used as shelters. This information will be used for the classification process. Figure 7 shows a sample of the Shelters table. The Distance attribute contains the continuous values that express the distances, obtained from the network analyst tool, from the incident point to each of the shelters. The Check_Capacity method is used to determine the value of the Enough_Capacity attribute by comparing the capacity of each shelter against the number of displaced people. Finally, a value indicating to what extent basic life requirements are available at the shelter is placed in the Requirements attribute; "H" for high, "L" for low, and "N" for not available. Fortunately, the study showed that all evacuation shelters in the area have basic life requirements; this meant that there were no "N" va- lues. However, values for the Requirements attribute did range from high to low.
Discretization Process
The discretization process was used to reduce the number of values for a given continuous attribute by dividing the range of the attribute into intervals. Here, we use our DiscreteDistances method to assign each value from continuous distance values to the appropriate interval from the intervals Risk, Shortest, Short, Long, or Longest. Figure 8 shows a sample of the discretization results; the Name column represents the shelter name, the Distance column represents the real distance value, and the Distance_Quant column represents the corresponding interval for that value.
made when certain conditions are satisfied. In this step, a decision table is created using three conditional attributes (Distance, Capacity, and Requirements), and one decision attribute (Suitable) to indicate the shelter's degree of suitability. We must then fill the decision table with all possible scenarios for the condition attributes and attempt to capture expert knowledge by consulting expert opinion. In our case study, the Mansoura Crises Management Unit provided expert knowledge for each scenario in the decision table. Table 2 in Appendix A shows the decision table.
The simplification of decision tables is a very important step; the process reduces the number of conditions so that the same decision can be reached by fewer conditions. As mentioned in Section 4.5, the approach used for table simplification consists of three steps. The following shows the result of each step:
1) The computation of reducts of condition attributes. This is equivalent to eliminating columns from the decision table:
• By removing Distance we found that the table became inconsistent; therefore, so the Distance attribute is indispensable to the decision table.
• By removing Capacity we found that the table became inconsistent; therefore, the Capacity attribute is indispensable to the decision table.
• By removing Requirements we found that the table became inconsistent; therefore, the Requirements attribute is indispensable to the decision table.
The above implies that (Distance, Capacity, Requirements) are relative reducts for this decision table.
2) The elimination of duplicate rows. Since no columns were eliminated, and by examination of the decision table, we found no duplicate rows to eliminate.
3) The elimination of superfluous attribute values. Table 3 in Appendix B shows the decision table after eliminating superfluous values.
Classification and Choosing the Most Suitable Shelter
From Table 3 we can derive the rules that define the shelter classification process. The 23 rules generated from the simplified decision table are presented in Appendix C. The classification process begins using the Classify method to apply the 23 rules, defined by the simplified decision table, to the Shelters table such that each shelter in the Shelters table is assigned one of the six predefined classes (Risk, Best, Very Good, Good, Acceptable, Bad).
Afterthe six classes are generated, the Suitable_Shelter method checks each class and determines shelters with the minumum distance and adequate capacity. Figure 9 shows the results of the classification process combined with identification of the most suitable shelter. For our incident case study, Shakrt El Dor School from the Best class was determined to be the most suitable shelter.
Displaying the Results
To display implementation results, we use the ArcInfo 9.3 Network Analyst tool. This tool displays the route and driving directions from the incident place to the selected shelter. Figure 10 shows the displayed route and driving directions; the bold black line represents the route from the incident point to the identified shelter, Shakrt El Dor School.
Comparison
To measure the effectiveness of our approach, we compared it to the current plan that the Mansoura Emergency Unit uses for selecting shelters. The Mansoura Emergency Unit's plan has only 4 shelters and selects shelters based on their proximity to the incident. In our approach, we increased the number of shelters to 32, and the suitable shelter was identified using three factors: distance, capacity, and availability of basic life requirements through a set of rough set rules. Legend 
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The Mansoura Emergency Unit's shelter selection approach identified the Mansoura Sports Club, which has a route distance from the incident point of 2490 meters. Assuming a vehicle speed of 60 km/h, the travel time to this shelter would be approximately 2 minutes and 49 seconds. On the other hand, our proposed approach selected Shakrt El Dor School as the most suitable shelter. The route distance to this shelter is 847.5 meters; reaching this shelter would take approximately 51 seconds at 60 km/h. From this, we postulate that our proposed approach for selecting the most suitable shelter in the event of a crisis is more effective than the currently used approach.
As shown in Figure 11 , the olive line represents route generated by the Mansoura Emergency Unit's shelter selection approach, and the black line represents the route generated by our method. 
Conclusion and Future Work
This paper proposes a rough set and GIS based approach to select suitable shelters during an evacuation process. The approach uses a GIS to prepare data for roads, shelter locations, and distances from the incident point to each shelter location. A decision table is generated using all possible scenarios from the three criteria attributes (Distance, Capacity, Requirements). The simplification method is performed on the decision table to reduce the number of conditions, and a set of rough set rules are de-fined from the simplified decision table. Subsequently, the shelter classification process is performed according to the predefined rules, and six classes are generated from this classification process. The shelter with the shortest distance and adequate capacity is identified as the most suitable. Finally, the results are displayed in the GIS environment. The proposed approach was tested using Mansoura, Egypt as a case study, and a comparison of our proposed approach and the currently used plan was conducted. The comparison shows that our proposed approach is more effective than the currently used plan; it increases the number of shelters in the city and selects the shelter with the minimum distance and adequate capacity.
Further research needs to be done to consider how traffic control strategies and evacuee behavior may impact the evacuation shelter selection process.
